abstract Low-energy blunt chest trauma can cause commotio cordis and ventricular fibrillation (VF) in otherwise healthy young individuals. If the chest wall impact occurs during a narrow vulnerable window of ventricular repolarization, the generated premature ventricular impulse can lead to VF and sudden death. Atrial fibrillation (AF) in association with a blunt chest trauma has not yet been reported in a child or adolescent. Our case describes a healthy 16-year-old boy who suffered blunt chest trauma during football practice. He was found to have AF, which resolved in 3 days without any therapy. He did not have any identifiable structural or electrical cardiac abnormality and had no previous history of arrhythmia. We hypothesize that AF, similar to commotio cordis-induced VF, may occur as a result of a blunt chest trauma in healthy young individuals. Animal studies evaluating arrhythmias related to chest wall impact may elucidate the timing and mechanism of AF induced by commotio cordis.
Low-energy blunt chest trauma can cause commotio cordis and ventricular fibrillation (VF) in otherwise healthy young individuals. If the chest wall impact occurs during a narrow vulnerable window of ventricular repolarization, the generated premature ventricular impulse can lead to VF and sudden death. Atrial fibrillation (AF) in association with a blunt chest trauma has not yet been reported in a child or adolescent. Our case describes a healthy 16-year-old boy who suffered blunt chest trauma during football practice. He was found to have AF, which resolved in 3 days without any therapy. He did not have any identifiable structural or electrical cardiac abnormality and had no previous history of arrhythmia. We hypothesize that AF, similar to commotio cordis-induced VF, may occur as a result of a blunt chest trauma in healthy young individuals. Animal studies evaluating arrhythmias related to chest wall impact may elucidate the timing and mechanism of AF induced by commotio cordis.
Commotio cordis, defined as a blunt chest trauma resulting in sudden cardiac arrest, is a well-described and documented entity in youth. 1 It is the second leading cause of death in young athletes 2 and occurs typically in males with an average age of 15 years. 3 The stipulated mechanism of commotio cordis has been defined with the use of animal models: a relatively innocent chest wall impact triggers immediate ventricular fibrillation (VF). 4 The timing and the location of the impact are critical in the generation of VF. When the impact is directly over the heart and it occurs within a 20-millisecond window during the upslope of T wave in ventricular repolarization, the rapid increase in the left ventricular intracavitary pressure triggers stretch-activated ion channels generating focal ventricular depolarization that propagates to VF. 5, 6 Our case report describes a young male adolescent who suffered blunt chest trauma and who developed not VF but atrial fibrillation (AF). This unique case is the first documented description of a child with AF due to suspected commotio cordis.
PATIENT PRESENTATION
A healthy and active 16-year-old football player was hit in the chest by another player's helmet during a football game. The chest wall impact was at the left lower edge of the boy's sternum. He did not faint or experience dizziness in conjunction with the injury. He reported to the emergency department in 25 minutes because of chest pain and palpitation. No internal injuries, obvious trauma, or neurologic complaints were noted. His past medical history was unremarkable, and his previous medical examinations suggested no structural heart problem or arrhythmia. There was no family history of cardiac disease, cardiomyopathy, or known arrhythmia a or pacemaker placement. There was no toxicology screen performed, but the patient denied the use of alcohol, illicit drugs, tobacco, or over-thecounter medications.
The cardiovascular examination revealed irregular rhythm, normal first and second heart sounds, no murmur, and no third or fourth heart sound. A chest radiograph was unremarkable with normal cardiac silhouette. An electrocardiogram (ECG) was obtained and identified AF (Fig 1 A and B) with irregular ventricular response at an average rate of 70 to 80 beats per minutes. The patient was admitted to the hospital for observation and was scheduled for transesophageal echocardiogram and cardioversion. He remained in stable hemodynamic condition. He did not receive electrical or medical cardioversion because his rhythm spontaneously converted to normal sinus rhythm 72 hours after the initial encounter. His follow-up ECG confirmed normal sinus rhythm (Fig 1 C and D) .
DISCUSSION
To our knowledge, AF has not yet been reported in association with chest wall impact in youth. The absence of structural heart defect in this teenage boy, the lack of electrical abnormalities on his follow-up ECG, and the fact that the arrhythmia resolved spontaneously within 72 hours suggest that the high-speed chest trauma was the cause of the AF.
The association of commotio cordis and VF in young athletes is well documented. [1] [2] [3] We propose that mechanical forces similar to those that induce VF may trigger AF in an otherwise healthy individual.
Mechanical forces applied to cardiac tissue are known to affect its electrical properties. The activation of mechano-sensitive ion channels can generate premature ventricular depolarization. 5 If the timing of the premature depolarization occurs during a vulnerable period of ventricular repolarization, it may trigger VF. 7, 8 Similarly, an increase in atrial pressure and atrial wall stretch can activate mechano-sensitive ion channels and induce AF. 9, 10 In commotion cordis, the timing and the location of the chest wall impact determine the development of VF. The relatively low-energy impact has to occur during a critical 20-millisecond window of the cardiac repolarization and the impact has to be directly over the cardiac silhouette to induce VF. 11, 12 It is plausible that if a low-energy chest wall impact occurs during the vulnerable window of atrial repolarization, the impactinduced elevated atrial pressure will trigger a premature atrial depolarization and the initiation of AF. As a result of the impact, the atrial tissue may exhibit a dispersion of refractoriness inducing a so-called heterogeneity of atrial repolarization, which can perpetuate and sustain AF. Although AF was not studied or induced in animal models of lowenergy chest wall impact, and AF was not documented in young athletes related to chest trauma, there is a case report in an adult that proposes the association of a fall injury with AF. 13 It is possible that due to the relatively benign nature of chest trauma-induced AF (no syncope, no dizziness, no hemodynamic compromise) the occurrence of "atrial commotio cordis" is underreported. Moreover, it is plausible that "lone AF" reported in otherwise healthy athletes could be triggered by a previous blunt chest trauma; therefore, a careful history should be taken when evaluating young athletes with a history of palpitation or evidence of AF.
We hypothesize that similar to developing VF in commotio cordis, a blunt mechanical trauma to the heart may trigger AF in an otherwise healthy individual. Because AF may lead to rapid ventricular rate and even VF in certain underlying conditions such as Wolff-ParkinsonWhite syndrome, 14 
